We present the catalog of RR Lyrae stars from 2.4 square degrees of central parts of the Small Magellanic Cloud (SMC). The photometric data were collected during four years of the OGLE-II microlensing survey. Photometry of each star was obtained using the Difference Image Analysis (DIA) method. The catalog contains 571 objects, including 458 RRab, 56 RRc variables, and 57 double mode RR Lyr stars (RRd). Additionally we attach a list of variables with periods between 0.18-0.26 days, which are probably δ Sct stars. Period, BVI photometry, astrometry, amplitude, and parameters of the Fourier decomposition of the I-band light curve are provided for each object. We also present the Petersen diagram for double mode pulsators.
Introduction
The Magellanic Clouds provide an ideal opportunity to study in detail the structure and evolution of stars. Rich populations of stars approximately at the same, relatively small distance with small interstellar reddening make the Large and Small Magellanic Clouds very important targets for observing surveys.
RR Lyr stars were first discovered in the SMC near the cluster NGC121 by Thackeray (1951) . The stars were more than a magnitude fainter than expected, what was a crucial confirmation of the major revision of the extragalactic distance scale proposed by Baade (1952) . The first systematic search for field RR Lyr variables in the SMC was conducted by Graham (1975) . During that survey 76 RR Lyr stars were discovered in a 1
• × 1.
• 3 outlying field centered on the cluster NGC121. Smith et al. (1992) used B-band photographic photometry of a field in the northeast arm of the SMC to identify additional 22 probable RR Lyr variables. The same outlying region of the SMC was observed by Sharpee et al. (2002) . They presented V-band and B-band CCD photometry of a few RR Lyr stars.
Walker (1989) surveyed five SMC clusters for RR Lyr stars. Four already known RR Lyr variables in the NGC121 were rediscovered, but no such stars were found in the other clusters. Because the age of NGC121 was estimated to be 12±2 Gyr (Stryker et al. 1985) , and Lindsay 1, the next oldest SMC cluster, 10 ± 2 Gyr (Olszewski et al. 1987) , Walker concluded that the minimum age of RR Lyr stars is about 11 Gyr.
In 1990s the number of known variable stars in the Magellanic Clouds dramatically increased, when the large microlensing searches began regular photometric monitoring of both galaxies (e.g., MACHO -Alcock et al. 1993 , EROSAubourg et al. 1993 . Natural by-product of the microlensing surveys are huge databases with precise photometry of millions of stars.
The SMC was also included to the list of targets of the second phase of the Optical Gravitational Lensing Experiment (OGLE-II; Udalski, Kubiak and Szymański 1997) . About 2.4 square degrees of central part of the SMC were observed each night during the observing seasons 1997-2000. Photometry was obtained with the BV I filters, closely resembling the standard system.
The OGLE-II survey has yielded a particularly rich harvest of variable stars from the SMC. In the previous papers we presented the catalog of eclipsing binary stars (Udalski et al. 1998b) , the catalog of Cepheids from the SMC (Udalski et al. 1999) , and general catalog of variable stars detected in the Magellanic Clouds (Żebruń et al. 2001) . In addition BVI maps of the SMC were released providing precise photometry and astrometry of about 2.2 million stars (Udalski et al. 1998a) .
In this paper we present a sample of 571 RR Lyr stars and several other pulsating objects, likely δ Sct stars, detected in the OGLE-II fields in the SMC. The stars were selected from the reprocessed OGLE-II photometry based on the Difference Image Analysis (DIA) technique -Woźniak's (2000) implementation of Alard and Lupton (1998) and Alard (2000) optimal Point Spread Function matching algorithm.
Similarly to the previous catalogs, all data presented in this paper, including individual observations, are available to the astronomical community from the OGLE Internet archive.
Observations and Data Reductions
Observations presented in this paper were collected during the second phase of the OGLE microlensing search with the 1.3-m Warsaw telescope at Las Campanas Observatory, Chile. The observatory is operated by the Carnegie Institution of Washington. The telescope was equipped with the "first generation" camera with a SITe 2048 × 2048 CCD detector working in drift-scan mode. The pixel size was 24 µm giving the 0.417 arcsec/pixel scale. Observations of the SMC were performed in the "slow" reading mode of the CCD detector with the gain 3.8 e − /ADU and readout noise of about 5.4 e − . Details of the instrumentation setup can be found in Udalski, Kubiak and Szymański (1997) .
Observations of the SMC were collected between June 26, 1997 and November 25, 2000. Eleven driftscan fields (SMC SC1-SMC SC11) covering about 2.4 square degrees of central parts of the SMC were observed. The majority of frames were taken in the I photometric band (about 280-340 epochs depending on the field). Other images were collected through the V-band (typically about 30 epochs) and B-band (about 20 epochs) filters. The effective exposure time lasted 125, 174 and 237 seconds for the I, V and B-band, respectively. The median seeing was about 1.
′′ 3 for our dataset. The I-band photometry was obtained using Difference Images Analysis (DIA) -image subtraction algorithm developed by Alard and Lupton (1998) and Alard (2000) , and implemented by Woźniak (2000) . We introduced several modifications compared to the DIA techniques employed in a catalog of variable stars in the Magellanic Clouds (Żebruń et al. 2001) . For instance, we performed the DIA photometry for each star found in the reference image instead of the variable objects only. Further details of the DIA analysis and calibration of photometry may be found in the papers by Woźniak (2000) and byŻebruń, .
The frames in the V and B bands were analyzed using the DoPhot photometry program (Schechter, Saha and Mateo 1993) . Transformation of the instrumental photometry to the standard system is described by Udalski et al. (1998a) .
Equatorial coordinates of all stars were calculated in the identical manner as described in Udalski et al. (1998a) . The internal accuracy of the determined equatorial coordinates, as measured in the overlapping regions of neighboring fields, is about 0.
′′ 15-0. ′′ 20 with possible systematic errors of the DSS coordinate system up to 0.
′′ 7. Fig. 1 presents the picture of the SMC from Digitized Sky Survey CD-ROMs with contours of the OGLE-II fields. Positions of RR Lyr stars are marked with black dots. One can easily notice that the surface density of RR Lyr variables is very uniform within the galaxy. This confirms the results of Graham (1975) and Smith et al. (1992) who noticed that RR Lyr stars are not strongly concentrated toward either the bar or the center of the SMC.
Interstellar Reddening
Determination of the interstellar reddening to the SMC fields was performed by Udalski et al. (1999) . In short, they used red clump stars for mapping the fluctuations of mean reddening in OGLE fields, treating their mean I-band magnitude as the reference brightness. Since reddening in the SMC is smaller and more homogeneous than in the LMC, it was determined only in 11 lines-ofsight -one per OGLE field. The zero point of the reddening map was derived on the basis of previous determinations toward two stars clusters: NGC416 and NGC330.
The final E(B − V ) reddening in the SMC is listed in Table 1 . The error of the map is equal to ±0.02 mag. Similar values of reddening were estimated by Sharpee et al. (2002) to the OGLE fields SMC SC10 and SMC SC11. Interstellar extinction in the BVI bands can be calculated using the standard extinction curve coefficients (e.g., Schlegel et al. 1998) :
Selection of RR Lyr Stars
Selection of RR Lyr stars was performed in two stages. First, preliminary search for variable stars was performed using the regular OGLE-II PSF (DoPhot) photometry. The mean I-band magnitude of objects was limited to I < 20 mag. The minimal number of individual measurements was set to 50. Candidates for variable stars were selected based on comparison of the standard deviation of photometry with typical standard deviation for stars with similar brightness. Light curves of selected candidates were searched for periodicity using the AoV algorithm (Schwarzenberg-Czerny 1989) . Light curves of all objects revealing statistically significant periodic signal were then visually inspected. Candidates for RR Lyr stars were extracted on the basis of light curve shapes and magnitudes of the stars. The second, final search for RR Lyr variables was performed with the DIA photometry of all stars detected in the reference images. The quality of DIA photometry is improved by a factor of at least two, compared to the DoPhot photometry (Woźniak 2000) , what enabled us to increase considerably the completeness of the catalog.
We examined with the AoV period search technique the DIA photometry of objects with the mean magnitude 18.4 < I < 19.4 and standard deviation at least 0.02 mag larger than typical standard deviation for non-variable stars of similar brightness. Additionally we checked stars with the V-band magnitude between 18.9 and 20.0 and the standard deviation of V-band photometry 0.05 mag larger than typical. New candidates for RR Lyr stars were selected from a sample of stars with periods smaller than 1 day based on visual inspection of their light curves and location in the color-magnitude diagram (CMD).
The second stage of variability search increased the number of candidates for RR Lyr stars by about 30%. In total 571 candidates for RR Lyr stars were identified. Several objects with colors outside the range 0.2 < V − I < 0.8 and objects with no color information but with evident RR Lyr-type light curves were also included to this sample. They can be highly reddened or blended stars.
Classification
We divided all objects into four groups: fundamental mode RR Lyr stars (RRab), first overtone (RRc), double mode RR Lyr stars (RRd) and other variable stars, which, in the majority of cases, are probably δ Sct stars.
Selection of RRab-type stars from our sample was not difficult, because these variables form well separated groups in various diagrams. We decided to use period-amplitude diagram to classify fundamental-mode pulsators, because periods and amplitudes are the observables that are measured with the highest precision.
There were more problems with separation of the first overtone RR Lyr stars and short-period variable stars. Both groups of objects in our sample have similar luminosities, amplitudes and shapes of light curve. Additionally, the range of periods of δ Sct stars overlaps with the range of periods of RRc variables.
The models of Bono et al. (1997) predict that the first-overtone RR Lyr stars with the shortest periods should have the lowest amplitudes. Indeed, in the period-amplitude diagrams (Fig. 4 ) one can notice a minimum of IV-band amplitudes near the period of about 0.26 days. Therefore, we decided to mark as the first overtone RR Lyr candidates with periods larger than 0.26 days. Objects with shorter periods were classified as δ Sct stars. However, we stress that it is possible that some of the RRc variables on our list are δ Sct or other types of variable stars, and vice versa. It is also possible that some secondharmonic RR Lyr stars (RRe) can be included in the short period group. Further observations, especially in the Strömgren uvby filters, could provide additional information for final classification.
We used two methods to search for multi-periodic variable stars. First, we fitted a fourth order Fourier series to each folded light curve from our sample and subtracted fitted function from the observational data. Then, the residuals were searched for periodic signal and, if detected, such a candidate was marked for visual inspection.
Second search for double-mode RR Lyr stars was performed using the Clean algorithm of period determination (Roberts, Lehár and Dreher 1987) . All RR Lyr candidates from our list were subject to the Clean period analysis. In further analysis we selected objects for which the ratio of the highest peak in the power spectrum and one of the next four strongest peaks was close to 0.745.
Final list of the double-mode variable stars presented in this paper was obtained after careful visual inspection of power spectra and folded light curves of candidates. We identified 57 RRd stars, 2 double mode δ Sct stars and several dozen stars with two closely spaced frequencies, that are probably members of a new class of multi-periodic RR Lyr stars described by Olech et al. (1999) . About 10% in both, RRab and RRc groups, exhibited secondary periodicity very close to the primary pulsation frequency, with period ratios in the range 0.98-1.02. This frequency pattern cannot be explained by a superposition of radial pulsations and is therefore believed to be related to non-radial modes. Nonradial oscillations have also been detected in some RR Lyr stars in the Galactic bulge by Moskalik (2000) and in the LMC by Kovács et al. (2000) . Theoretical models of these stars have been proposed by Dziembowski and Cassisi (1999 Tables 2 and 3 contain together 536 entries but only 514 objects, because 22 stars were detected twice -in the overlapping regions of adjacent fields. We decided not to remove twice-detected RR Lyr stars from the final list, because their measurements are independent in both fields and can be used for testing quality of data and completeness of the sample. In Table 6 we provide crossreference list to identify stars in the overlapping regions.
In Fig. 2 we present I-band light curves of a few typical RRab, RRc stars and one RRd star. All the diagrams have the same magnitude range to compare the amplitudes and brightness of the stars. The light curves are arranged according to the periods. 
Double-Mode RR Lyr Stars
RRd stars discovered in the SMC are listed in Table 4 . 59 such objects were detected but 57 of them are unique. Two stars are located in the overlapping regions between fields and they were discovered independently. Table 4 lists the field name, star ID, period of the first overtone, period of the fundamental mode, period ratio, and finally IV B intensity-mean magnitudes. Other parameters, individual BVI measurements and finding charts are available from the OGLE Internet archive. Table 5 presents a list of 19 detected short-period variables and a few other variable stars. The table contains 20 entries because one object was identified twice in the overlapping region of fields SMC SC5 and SMC SC6. Consecutive columns of Table 5 represent the same data as in Tables 2 and 3 . Most stars from the list are probably δ Sct stars. Two stars: OGLE005542.36-732105.3 and OGLE010118.99-723323.8, are double-mode pulsators, with the period ratios 0.76259 and 0.77098, respectively. In Table 5 we present longer periods of both stars. 03−730348.6 0.407388 0.545692 0.746553 19.22 19.72 19.97 SMC SC6 OGLE005317.50−725721.9 0.374765 0.502820 0.745327 19.07 19.63 19.92 SMC SC6 OGLE005401.42−724728.7 0.378620 0.507628 0.745862 19.34 19.99 20.36 SMC SC6 OGLE005237.14−724651.2 0.372969 0.500557 0.745107 19.61 20.01 19.69 SMC SC6 OGLE005430.51−724240.9 0.366688 0.492198 0.745002 18.99 19.48 19.75 SMC SC6 OGLE005346.56−723637.1 0.388001 0.519872 0.746339 19.14 19.61 19.89 SMC SC7 OGLE005449.66−724259.5 0.427425 0.573399 0.745423 18.94 19.45 19.84 SMC SC7 OGLE005628.74−724247.9 0.392275 Distribution of periods of RR Lyr stars is an indicator of the morphology of the horizontal branch of the population of old, metal-weak stars. The final period search was carried out with program Tatry by Schwarzenberg-Czerny (2002, private communication) . The program works in two steps. First, it calculates a periodogram and identifies its peaks. Then the corresponding peak frequencies are examined in detail to find the best one and its corresponding ephemeris. Tatry provides also reliable estimation of period errors, what we could check comparing periods of stars located in the overlapping regions of the adjacent fields. Accuracy of periods for the vast majority of the RR Lyr stars is better than 10 −5 days. The period errors for each star are included in the OGLE Internet archive data.
Other Stars
Period distribution for the global sample is shown in Fig. 3 . The mean period of ab-type RR Lyr stars, and simultaneously the most preferred period, is P ab = 0.589 days. This result is in the ideal agreement with Graham's (1975) determination of the mean period of RRab variables near NGC121. P ab is believed to be an indicator of the mean metallicity -it increases with decreas- ing metallicity. However, one should remember that Clement et al. (2001) , in a study of the properties of the RR Lyr stars in Galactic globular clusters, suggested that the correlation breaks down when the mean period is larger than 0.60 days.
The period distribution of the first overtone pulsators indicates two preferred periods. Most of the RRc stars prefer periods near P c = 0.357 days, but there is also a significant excess of stars around P = 0.29 days. Such short-period RR Lyr stars also exist in other environments, e.g., in the LMC (Alcock et al. 1996) and in the globular cluster IC 4499 (Walker and Nemec 1996) . It has been suggested (van Albada and Baker 1973) that these stars are second overtone (RRe) pulsators. The pulsation of RR Lyr stars in overtone modes was theoretically analyzed by Stellingwerf et al. (1987) .
RRd variable stars (first-overtone periods) and RRc stars occupy different, but overlapping regions in the period distribution histogram. Periods of the first overtone in the double-mode RR Lyr stars range from about 0.354 to 0.435 days with the mean period P d = 0.382 days. Single-mode first-overtone pulsators have typically shorter or longer periods than double-mode RR Lyr stars (we found three candidates for RRc stars with periods between 0.428 and 0.446 days).
Intensity Mean Photometry
BVI intensity mean photometry of each object from our sample of RR Lyr candidates was derived by integrating the light curve converted to intensity units. The light curve was approximated by the Fourier series of fifth order and results were converted back to the magnitude scale. Accuracy of the mean I-band photometry is about 0.02 mag while that of the V-band and B-band about 0.03 mag and 0.08 mag, respectively, what is a consequence of smaller number of observations in the BV-band filters.
To obtain the mean brightness of the SMC RR Lyr stars, we prepared histograms of the BVI-band apparent magnitudes separately for RRab, RRc and RRd variable stars. In the next step we fitted a Gaussian to each histogram, and obtained the most preferred brightness of these stars. Then we repeated this procedure using magnitudes corrected for interstellar extinction. Results are presented in Tables 7 and 8 . 
T a b l e 8
Mean I, V and B extinction free magnitudes of RR Lyr stars 
Period-Amplitude Relation for RR Lyr Stars
We determined amplitudes of light curves by fitting Fourier series of fifth order and calculating difference between minimal and maximal values of the function. The period-amplitude diagram for the SMC RR Lyr stars is shown in Fig. 4 . The symbols are as follows: black dots indicate the position of RRab and RRc stars, triangles and diamonds represent RRd stars (first-overtone and fundamental mode, respectively) and crosses mark other stars. Well-known dependence of the amplitudes on periods for RRab stars is seen, although some stars, especially RRab with shorter periods, do not follow this relation. The first overtone RR Lyr variables show weak correlation of amplitudes and periods but, inversely to the fundamental mode pulsators, amplitude slightly increases with increasing periods.
Comparison of amplitudes of fundamental mode and first overtone of RRd stars confirms that the dominant mode of pulsation in the majority of doublemode RR Lyr stars is the first overtone. The mean ratio of the first-harmonic and fundamental mode amplitudes is about 1.6.
Fourier Parameters of Light Curve Decomposition
Fourier decomposition of light curves of RR Lyr stars has been widely used for analyzing their properties. Several empirical and theoretical relations between Fourier parameters and the physical parameters of RR Lyr variables have been proposed (e.g., Kovács and Walker 2001) . Fifth order Fourier series were fitted to the magnitude scale I-band light curve. Then, we derived R 21 , R 31 , φ 21 and φ 31 Fourier parameters, where R ij = A i /A j , φ ij = φ i − iφ j . A i and φ i are the amplitudes and phases of (i − 1) harmonic of the Fourier decomposition of light curve.
Light curves of double-mode pulsators were decomposed to the sum of two Fourier series of fourth order corresponding to both periodicities. Then we calculated Fourier parameters for both pulsating modes.
In Fig. 5 we present R 21 −logP and φ 21 −logP diagrams constructed for our sample of RR Lyr stars. The first-overtone and fundamental mode pulsators are well separated in both diagrams. R 21 for RRab stars tends to become smaller as the periods become longer, what means that the light curves of long-period ab-type RR Lyr are more sinusoidal than the light curves of short-period RRab stars.
Fourier parameters of the first-overtone mode of RRd stars fall in the sequence of the single-mode first overtone RR Lyr stars, but the fundamental mode pulsation have R 21 smaller than corresponding single-mode RR Lyr variables. This means that fundamental-mode pulsations in RRd stars have not only smaller amplitude, but the light curves are more sinusoidal than the light curves of RRab stars.
Petersen Diagram
RR Lyr stars pulsating simultaneously in the fundamental mode and the first overtone are especially interesting as a test of structural and evolutionary models of the horizontal branch stars. A powerful tool for diagnosing stellar models and for determination of masses, absolute magnitudes and metallicities of stars is the so called Petersen diagram, in which the period ratio of two excited modes is plotted against the longer period. Position of stars in the Peterson diagram can be precisely determined, because periods are the observables that are measured with the highest precision.
In Fig. 6 we present Petersen diagram of all discovered RRd stars. For comparison, we also plotted in the same diagram double mode RR Lyr stars from the LMC (catalog of RR Lyr stars from the LMC will be published in the forthcoming paper).
The SMC and LMC double-mode RR Lyr stars evidently form the same relation P 1 /P 0 vs. P 0 , but RRd stars from the SMC prefer longer periods and larger period ratios than the LMC RRd stars. Pulsation models suggest that the position of a given RRd star in the Petersen diagram is a function of stellar mass and metallicity. We can expect that the shift in the Petersen diagram between RRd stars from the LMC and the SMC is caused by different mean metallicity of RR Lyr stars in both galaxies. More information about analysis of the Peterson diagrams can be found in Popielski, Dziembowski and Cassisi (2000) . 
Completeness of the Catalog
We estimated completeness of the Catalog of RR Lyr stars in similar manner as for the catalog of Cepheids from the Small Magellanic Cloud (Udalski et al. 1999) , i.e., by comparison of objects located in the overlapping regions of the adjacent fields. Ten such regions exist between our fields (Fig. 1) allowing to perform 20 tests of paring objects from a given and neighboring fields. In total, 57 stars from Tables 2-5 should be theoretically paired with counterparts in the overlapping fields. We found counterparts in 50 cases. Counterparts of four from seven unpaired objects had the number of observations smaller than 50 and thus they were not searched for variability. Smaller number of measurement points in the edge regions of the fields is due to non-perfect pointing of the telescope. The remaining three objects were missed because of severe blending with another stars or because of unusually small amplitude of variability. Udalski et al. (1998a) estimated completeness of detection of stars in the SMC OGLE fields using artificial star tests. For stars as bright as RR Lyr the completeness was found to be between 90 and 95%, depending on the field density. In our sample completeness should be much higher, because the stars are being detected on the DIA reference images, obtained by co-adding 20 best frames for each field. We conclude that the completeness of our sample should be about 90%.
Conclusions
The long term photometric surveys of dense stellar systems may provide large samples of all types of variable stars (Paczyński 2000) . In this paper we present the catalog of RR Lyr variable stars -objects playing a major role in studies of the processes of stellar pulsation, post-main-sequence evolution of stars, calibration of extragalactic distances, and structure and age of galaxies. This is the largest sample of RR Lyr variables detected in the SMC so far.
We reported detection of 57 double-mode RR Lyr stars. We also found RR Lyr variables exhibiting two closely spaced frequencies, most probably related to non-radial pulsations.
About 10% of the detected RR Lyr variables are RRc stars. Next 10% of the whole sample are RRd variables. Relatively small number of the first-overtone pulsators and the value of the average period of RRab stars (0.589 days) places the SMC RR Lyr stars near the Oosterhoff type I group. Additionally, we conducted a search of RR Lyr stars in the SMC clusters. Discovery of RR Lyr variables in the clusters younger than NGC121 (hosting four RR Lyr stars), would have a significant consequences on our understanding of evolution of old, solar-mass stars. We used the OGLE catalog of the SMC clusters (Pietrzyński et al. 1998) containing 238 clusters, their coordinates and angular sizes. We scanned our sample of RR Lyr variables looking for stars in a distance smaller than 1.5 cluster radius from the cluster center. We obtained the list of 21 RR Lyr stars located close to the line-of-sight to, in total, 19 SMC clusters. Only in two cases (OGLE-CL-SMC0048 and OGLE-CL-SMC0052) we detected two RR Lyr stars in the cluster neighborhood. It is very probable that the majority of these cases are just optical coincidences, because more or less similar number of stars could be expected in the background of SMC clusters (comparing the area of the clusters to the area of all our fields). Nevertheless, because of potential importance of the discovery of RR Lyr variables in the SMC clusters, we provide in Table 9 the list of stars located close to the SMC clusters.
